The Genain quadruplets are a unique set of monozygous women who are concordant for schizophrenia but discordant for the severity of their disorder. They were studied by David Rosenthal and colleagues at the National Institute of Mental Health in the late 1950's when they were in their twenties and again in 1981 when they were 51. They are faring about as well now as they ever have in their adult lives. The results of psychological tests, some of which were repeated more than 20 years apart, are discussed, as are the effects of medication on attention and memory. The differential response of the Genains to neuroleptic drugs, as well as certain other findings in the 1981 study, leads to a different conclusion about the discordant severity of their disorder from that reached in 1963 by Rosenthal and Quinn. These observations emphasize the value of long-term followup studies in genetically related individuals, with repeated assessments of the same functions.
The purpose of this article is to review the implications of the followup study conducted on the Genain quadruplets. The Genains are a rare set of monozygotic female quadruplets, concordant for schizophrenia but discordant for the severity of the illness. As children, they were celebrities in the midwestern city of their birth and performed songs and dances as a group at numerous social and civic occasions. They had virtually no close friends aside from one another and were closely supervised by their mother. Mrs. Genain could not, however, protect her daughters from what appear to have been pathogenic ministrations of Mr. Genain. Mr. Genain was prone to suspicious rages, which one friend described as "frenzied." He spied on his daughters constantly and insisted on participating in the most intimate aspects of their lives, even after they entered adolescence-when he became more sexually demonstrative. "He shouted, cursed, paced, sulked, lied, feigned illness and 'heard noises'
His stated 'reasons' ... were completely tangled and inappropriate, so that one could not respond to them in any rational way..." (Rosenthal 1963, p. 556) . Moreover, available evidence from family histories suggests that the genetic contribution to schizophrenia was probably due to Mr. Genain as well.
Hospitalized at the National Institute of Mental Health (NIMH) in the mid-1950's when they were in their twenties, the women were studied intensively by a group of mental health scientists, led by David Rosenthal, who later became Chief of the Laboratory of Psychology and Psychopathology. Each of the quadruplets was assigned a therapist; and extensive efforts were made, both to treat them and to determine the causes of the differential outcome of their schizophrenic disorder. The name Genain, a pseudonym, was selected by Rosenthal; it is derived from the Greek for dreadful gene. The information collected was summarized and integrated in The Gennin Quad-'This scheme was suggested by the outcome of a baby-naming contest sponsored by their hometown newspaper when the quadruplets were born. The initials of the winning names, in order of birth, were those of the full name of the hospital in which they were born. thought by a caseworker at NIMH to sound like paranoid schizophrenia. Henry's father was an occasional drinker; an older brother, 14 years Henry's senior and never married, "was a domineering drunkard who became irrational when angry" (Rosenthal 1963, p. 23) . He was killed by a train as he slept in a drunken stupor on the tracks.
As a child, Henry was shy and fearful, continually worried that his mother might die. He was a stutterer. Advised, as a young man, to give up drinking, he did so for a while, and his speech defect improved. In his twenties, he became less good-natured. He was fairly sociable with a group of young men in their twenties when he was 34. These friends thought him slow in comprehension. Until after his marriage and the birth of his girls, he was an unskilled laborer.
Gertrude Hood Genain was the eldest of eight surviving children born to a father she described as kind but domineering, who had been an only child and had developed a "spoiled personality." Her mother, kind and sweet, helped her children "all she could," but with 11 pregnancies, had little time to spend with her first-born. Gertrude was pressed at an early age into caring for her younger siblings, and she also did her share of farm work. Gertrude expressed no ill-feeling toward her mother, but she resented her father's "preference for boys and his belief that ... they should get as much schooling as possible, while girls ... needed no more than an eighth-grade education" (Rosenthal 1963, p. 26) .
At age 14, Gertrude, tired of being "like a hired girl for the whole family" (Rosenthal 1963, p. 26) , packed her clothes and fled to her grandmother's home. After a short time, determined to get a better education, she moved to a nearby town, supporting herself with various jobs while she attended high school. She sought to become a registered nurse but failed the academic work-unable to pass Latin and chemistry. She then worked as a practical nurse for her grandfather's physician.
Gertrude and Henry met when he was in the hospital for minor surgery. She professed no interest in him: he was 11 years her senior, overzealous in courting ("he gave me so much attention that he annoyed me" [Rosenthal 1963, p. 29] ); he drank heavily; completed only 11 years of schooling; was domineering and jealous. She feared he would be "ugly" to her because she had so often rejected him, and she still carried a torch for an earlier love. Henry persisted, agreed to change to meet her objections, and Gertrude began to look for his good qualities. Despite her continuing misgivings, she was persuaded to marry him.
For a while, their marriage was relatively pleasant, but differences in outlook and temperament became troublesome. From the start, there were sexual problems: Henry had "occasional seizures" during intercourse, and after a while Gertrude put a pillow over her face to prevent his biting her. He was insensitive to her sexual needs and "was either repelled or frightened if she showed any sexual interest." He knew Gertrude wanted children, but he did not. "The least family that a person can have, the better he's able to get along," he had asserted before marriage; after marriage, "one of his continuing concerns was that Gertrude would become pregnant" (Rosenthal 1963, p. 34) .
Birth and Early Life of the Quadruplets. In the third year of marriage, Henry's worst fears were realized: Gertrude was pregnant. Hers was a difficult pregnancy, both physically and psychologically. Henry reported later that he did everything he could to help her; she felt that he neglected her and was deserting her. Her early pregnancy was dominated by "nervous chills," backache, vomiting, loss of appetite, weight loss, faintness, and difficulty with urination. She began to bleed lightly and stayed in bed for 7 weeks. Her doctor told her she was "too sympathetic with herself," and her husband agreed. Gradually she began to feel better, to be able to eat more, and to gain weight. But her body became so unwieldy that she was virtually helpless. Henry, fearful that she would die, was kind to her and spent more time at home with her. Mrs. Genain was 31 years old; her husband, 42.
The babies, born within a time span of 17 minutes, presented face first; and each required internal podalic version. Time, weight, length, and order of birth of the babies are shown in table 1. There were feeding problems: Mrs. Genain's milk, though plentiful, was not rich enough and had to be supplemented by gavage feeding. Hester could not suck and lost weight, and Iris, too, seemed not to suck, though she worked her mouth and licked the breast. Bottle feeding supplanted breast feeding for Nora, Iris, and Myra on day 19; despite her difficulties with the breast, Iris had no trouble with the bottle. Summarized in table 2 is the feeding history for the quadruplets while hospitalized.
Nora and Myra were ready for discharge on day 35, and, although there was no such provision for 'Day on which a given feeding method was implemented.
Iris, she no longer had a feeding problem and presumably might have gone home too. However, all four were retained in the hospital until Hester was put on bottle feeding on day 42. After 6 weeks, all were deemed to be in good condition and were discharged. Weights at discharge are given in table 3.
The parents' reaction to the births of their daughters were as disparate as had been their attitudes toward having children:
Mrs. Genain: What a wonderful creation ... I thought if the Lord will only give me the strength to raise them, I have special work to do ... I hoped Henry would like his own. [Rosenthal 1963, p. 42] Mr. Genain: Of course I was afraid. I didn't know how I was [Rosenthal 1963, p. 42] Mr. Genain also worried about public reaction to multiple birth: "Oh, what will they think my wife is-a bitch dog?"
The minister of their church reported that Mr. Genain "didn't have much to say, but he gave as fine an exhibition of stammering as I've ever heard" (Rosenthal 1963, p. 43) . Mr. Genain's brother also said that Henry was greatly upset, saying, "What will people think I am?" (Rosenthal 1963, p. 43) But the brother also felt that because there was such a fuss made over the quadruplets, Henry got over his feelings of disgrace.
Weight

Weight gain
Nora Iris Myra Hester 6 1b., 15 oz. 5 Ib., 3oz. 6lb., 4oz. 4 Ib., Ooz.
SCHIZOPHRENIA BULLETIN
The girls and their parents were "adopted" by their home town, Envira, which both flaunted and exploited them. The Envira Neil's ran a baby-naming contest. Competing companies offered free supplies, and when one company's offer was accepted, other companies were offended. But times were hard, and promised gifts were often not forthcoming. Mr. Genain grew bitter at "the image of a needy family [and] a bewildered and economically inadequate father" (Rosenthal 1963, p. 356 ).
In the home, Mrs. Genain quickly developed a routine based on the principle that all of the quadruplets should be treated equally, and "equally" meant "identically." Her efforts to apply this principle, we believe, often had the effect of promoting competition and jealousy. Hester (last born, weighing least at birth, slowest to develop) suffered most, for there was the expectation that all would be equal, physically, intellectually, and in personality.
Competition, jealousy, and envy were paramount in family relationships. The girls were constantly pushed toward one another for social interaction. Their father was elected constable "on the quadruplets ticket," and perceiving that his claim to fame and even to a job lay in protecting the integrity of the group, he fenced the small yard and forbade his daughters to play elsewhere or to invite in other children.
Within the group of four, there was a hierarchy based initially on birth order, but supplanted in time by presumed or perceived abilities. It was primarily on the basis of greater physical similarity that Myra was paired with Nora as the superior set of twins; and although Iris was, in fact, more like Nora or Myra, she and Hester constituted a residual pair, the inferior set of twins. Iris, in a sense, lost her birthright to Myra-a fact that has not ceased to rankle.
All four were overprotected and overrestricted throughout their lives by their father and mother-even when three of them were working and contributing to the family coffers. None of them ever really dated, and they had no friends (only acquaintances). Though polite and agreeable, they had no social skills. They were outsiders. Mr. Genain urged his daughters to stay together while they could, for they would be separated all too soon. Mrs. Genain, while professing to want more freedom for the girls, also felt the need to placate her diabetic, irascible husband; she suggested that they must mollify their father, that they were young and "their time would come." Initial Hospitallzations, NIMH Years, and Followup (1952-80) Nora. Nora became overtly psychotic in 1951 at age 21, resigned from a position she had held for 2 years as a stenographic clerk, and was hospitalized for psychiatric illness 14 months later, at age 22. From 1952 until her admission to NIMH in early 1955, Nora was hospitalized four times for periods of 2-4 months and received a total of 19 electroshock treatments. During the 3-year NIMH hospitalizarion, she was described as withdrawn, hallucinatory, delusional, and slow of speech, with a diagnosis of "schizophrenic reaction, catatonic type." After her discharge from NIMH, she was transferred to a State hospital where she remained for 18 months. She then lived with her mother and held a series of clerical jobs in each of which initial success rapidly deteriorated. She remained out of the hospital until 1967, at which time she spent another year at NIMH. She has been an outpatient in her home State since 1967, except for 4 months in 1979. She has been living in a family care home and, most recently, in her mother's home.
Iris. Within 7 months of Nora's hospitalization, Iris, too, was first hospitalized at the age of 22. Her symptoms included numerous somatic complaints, insomnia, the belief that she was being watched, auditory hallucinations, and posturing. (Her resignation from her job had followed Nora's by 6 months.) Before her admission to NIMH, her therapy had comprised a total of 67 electroshock treatments. During the 3-year NIMH admission, her diagnosis was "schizophrenic reaction, catatonic type." After her stay at NIMH, she was transferred to a State hospital where she remained for more than 12 years. In her last 2 years as an inpatient, an unsuccessful attempt was made to train her as a beautician; and she was placed in a halfway house in a city near the hospital. She required two subsequent, short-term hospitalizations in 1977 and 1979 and, since then, has been living in a foster care home and attending a day care center.
Myra. Myra was first diagnosed as schizophrenic (catatonic subtype) in 1955 during the first NIMH evaluation of the quadruplets. Her symptoms included marked psychomotor retardation, hysteroid symptomatology, multiple somatic complaints, and periods of depression and anxiety. She held.a few clerical jobs in the Washington, DC, area subsequent to the NIMH hospitalization while living in a halfway house. She married in 1966 and is the mother of two sons, ages 16 and 23.
Myra received no medication and appeared to be functioning without psychiatric problems until 1976, when she became paranoid and delusional about her new employer and job. She was admitted to a State hospital for 2 months, was treated with trifluoperazine, and reported that her symptoms lasted only 4 months. She returned to secretarial work in 1978. In April 1979, she again developed an acute paranoid psychosis following family stress, attempted suicide by an overdose of medication, and was placed under outpatient psychiatric care. During this period, she was on a low dose of trifluoperazine. She had a brief 3-week hospitalization in April 1980 for difficulties related to parkinsonian side effects of the medication and, in October 1980, reportedly again attempted suicide by an overdose of medication.
Hester. Although the first NIMH hospitalization was her first hospitalization, Hester apparently had emotional and functional problems for a number of years, resulting in her withdrawal from high school at the end of 11th grade. She was described as "fearful, withdrawn, irritable, confused, and later hallucinatory" (Mirsky et al. 1987, p. 85) . By the time she was 24, she was clearly psychotic and was diagnosed as having a "schizophrenic reaction, catatonic type" during her 3 years at NIMH. She was transferred in 1958 from NIMH to a State hospital, where she remained until October 1970. Although her course has remained chronic and unremitting, for the past 15 years she has been maintained on medication as an outpatient.
In Rosenthal's summary of the life history and test data obtained on the Genains, he suggested the diathesis-stress theory as a reasonable way of accounting for the variations in the severity of their psychiatric illnesses. Although they shared an identical heredity (diathesis), differences in the way they were treated by their parents and significant others in their environment led to different expectations and self-concepts and, consequently, to different phenotypic expressions of the schizophrenic disorder.
Early physical and developmental differences provided a rationale for dividing the set of four into two sets of identical twins. The more competent pair, Nora and Myra, were more favored and fussed over. Iris, second-born and physically closer to Nora and Myra, was most often bracketed with Hester, the smallest and physically the least prepossessing. Hester and Iris, treated as the less competent and capable pair, more or less fulfilled that expectation. This is a greatly simplified and abbreviated but reasonably accurate summary of the earlier view of the Genains.
Family History Between 1963 and 1981 (From Quinn, Unpublished Manuscript)
During the 18 years following publication of The Genain Quadruplets (Rosenthal 1963 ), Rosenthal and Quinn maintained contact with the Genains, following (with but few exceptions) a schedule of spring and autumn visits, which included a 2-day stay in the hometown and a visit to the hospital or one of its subsidiary facilities when one (or more) of the quadruplets was institutionalized. Data from these visits derive primarily from observations of and informal interviews with the subjects and their mother, supplemented by hospital notes and summaries, interviews with psychiatrists, social workers, and nurses, and occasional contacts with social and business acquaintances of the family. Mrs. Genain sometimes documented her accounts with letters from one or another of her daughters; between visits, letters from the quadruplets and telephone conversations with Mrs. Genain provided continuity. What follows is an attempt to abstract from these data a brief account of the clinical course of each of the subjects as revealed in their daily lives in interaction with one another and others.
Particularly relevant to their progress was Mrs. Genain's abiding concern for the future of her daughters. She was sensitive to that point of view in psychiatric theory that would hold her responsible for their illness, but her defenses were strong. She "knew in her heart" that she had done her best. That best might have contributed to her daughters' illness, but she could not countenance any suggestion that she had favored one girl over another. Her timetable for the future specified an order in which she would help her girls, one by one, to return to public life.
Mrs. Genain's program had Myra (now married) ensconced in her own home, while Nora (on convalescent status) would for some time live with her mother, working and contributing to the maintenance of the home and her hospitalized sisters. With Nora living independently, or at least well enough that the presence of a convalescent sister would not be threatening, Iris could have her chance and eventually Nora and Iris would be able to attend to the needs of their chronically hospitalized sister, Hester. Mrs. Genain's program seemed hopeful and plausible, but facts were real and uncompromising. Before the end of the year, a photograph of Myra accompanying two letters from her husband, John, to Mrs. Genain was all too reminiscent of her posture and countenance during previous periods of extreme psychomotor retardation; and, when a few months later, Myra returned to her mother's home with her husband and baby boy, she was clearly incapable of caring for her child. It appeared, too, that Iris might be able to leave the hospital before Nora could either move on or tolerate the presence of her sicker sister. While Mrs. Genain felt This scheme, while overly ambitious and optimistic, was an accurate reflection of the relative prognosis of her daughters as diagnosed by clinicians.
it would be wrong to have Nora and Iris at home simultaneously, she could see no alternative. Myra's arrival compounded the pressure, for with Iris pushing to come home and Nora already there, Mrs. Genain's carefully laid plans for the future were sharply threatened.
The present was difficult enough. Financial resources were dwindling, and only Nora was contributing to family funds; this was a modest contribution to be sure, but without it, Mrs. Genain said, "I just don't know how we'd get along."
Nora's sisters-even Myra-were financial liabilities. Iris and Hester made constant small demands on family resources, and, when deeply disturbed, were destructive of their clothing and other possessions. Further, if the past held an omen for the future, Myra's visit was likely to be costly-and so it was: John squandered money on liquor, lost money when drunk, and Mrs. Genain paid for many things for "Baby Andrew."
The competitive aspect of Nora's illness, long recognized, but especially virulent when she felt threatened, became increasingly evident.-1 Greatly disturbed at the prospect of Myra's visit, she complained that the house would be noisy and that Myra and the baby were coming home to drive her out. She had been upset by Myra's marriage and subsequent pregnancy: Myra was in the lead, and Nora could not catch up. Mrs. Genain feared that if Iris came home, even briefly, Nora would feel that Iris, too, had outstripped her, for Nora had regressed enough that she could not work and had taken sick leave from her job. t should not be assumed that Nora was alone in her competitiveness; all four of the sisters exhibited this trait.
More trying and pervasive than problems of money and health were those of behavior, most of which reflected faulty, inadequate, or difficult interpersonal interactions. Within the group of four, competitiveness, envy, and jealousy threatened every interpersonal interaction. It might be easy to infer some sort of gain to the mother in her daughters' constant vying for her attention. Nevertheless, however rewarding to her their jealousy and dependency might have been in the past, these traits had become burdensome over the years, and Mrs. Genain often cited instances of such behavior as obstacles to her efforts to help her daughters. She understood that such immature behavior was detrimental to her daughters' relationships outside the family, and she deplored that fact; but she was distraught when that same kind of behavior threatened interquadruplets relationships. When it appeared that Myra might bring her baby home for an extended stay, she feared the consequences of having Nora and Myra at home at the same time; but she knew that if Myra should decide to come, "there isn't but one thing 1 can do."
Particularly troublesome was the area of sexual behavior. Hester, long perceived as "a sex maniac," was no longer alone in alarming sexual behavior. In Nora's casebook at a local State hospital were many sexual incident reports. Iris and Hester constantly vied with one another for masculine attention, and Iris' intermittent plunges into deep depression and psychotic behavior were seen as stemming directly from defeat in amorous competition with Hester. Hester, for her part, was neither unrestrained in triumphant joy, nor was she abashed when Iris explained that Hester had won "because she will do things [with men] that I won't do."
Sexual acting out continued after Nora had returned to her mother's home. The problem was in a sense contained when she became emotionally and sexually involved with "Artie de Witt/' a long-time neighbor of the family whose children were contemporaries of the quadruplets. At first, Mrs. Genain displayed a certain reticence in revealing the nature of the relationship. She let us know that Nora was pursuing Art and that she disapproved, but she asserted that Art always behaved properly. Later she indicated that Art's interest might be sexually tinged, and finally disclosed that Nora was heavily involved in a sexual affair with Art.
Nora demanded that Art be both lover and father, and it is likely that she insisted that he, like her own father, should favor Nora over all others-including not only her sisters but his daughters as well. There may even have been some rivalry with "Mother"-Art's wife representing "Mother" in this case. And, as Mrs. Genain had tolerated and made excuses in her own family for Mr. Genain's fondling Nora, Mrs. de Witt was a "patient" and "understanding" person who advised Nora in many areas of behavior, yet condoned-or at least tolerated-Mr. de Witt's liaison with Nora.
It is probable that financial concern led to Mrs. Genain's reluctant consent to this liaison, but she cited other factors. Not sure that Nora could handle (or achieve?) dating at this point, Mrs. Genain hoped that, in her association with Art, Nora was learning something about how to get along with men. Further, Art was a safe date," 4 and the fringe benefits to the Genain family were enormous: Mr. de Witt often brought groceries to the family, provided transportation for Nora and her mother to visit Iris and Hester when they were inpatients, and gave his time and energies to maintenance of the house. Mrs. de Witt told Mrs. Genain that her husband "would always have some protege" and might better be spending his time and money on the Genains than on anyone else, for she felt this association was "helpful to him."
Their behavior with respect to Artie provides a striking example of the compulsion of the quadruplets to behave like one another and their intense jealousy or sibling rivalry. Their mother has said they had thought that what one did, all must do. Certainly Myra was involved in this pattern, for when she married and thus had a man, her sisters' response was not one of unalloyed )oy. Nora was outwardly effusive. 5 Hester said ruefully that it was "nice" for Myra; Iris, always more forthright, stated emphatically that Myra should have waited for her sisters: 'There should have been a quadruplet wedding." Myra's marriage was too difficult an act for her sisters to follow, but Nora set a pattern soon shared first by Iris and then by Hester. Nora's infatuation with men had been a source of concern to hospital staff as well as to her mother but, as far as was known, sexual intercourse did not occur until her affair with Arthur de Witt. Nora, whatever her initial craving, did not enjoy sex, harbored strong feelings of guilt, 4 Mr. de Witt, at his wife's insistence, had undergone sterilization after the birth of their fourth child.
She was delighted to be Myra's maid of honor; neither Iris nor Hester was able to attend the wedding. and again became very sick. She was unable to work, and after an extended sick leave from her job, was again accepted at NIMH for treatment. In her absence, Iris became Artie's sexual partner, as did Hester. Mrs. Genain was a constant and pivotal figure in a household which at any given time consisted of one to seven members: Mrs. Genain, one or more of her daughters, and one or both of her grandsons. (Myra's husband, John Kimbark, sometimes visited for as long as 2 weeks, but he never resided there.) Mr. de Witt was another constant whose influence waxed and waned over the years.
The explanation offered by Rosenthal and his colleague, Quinn, thus stressed differential life experiences as the major factor in the differential severity of the disorder among the Genains. While the cogency of that explanation remains undiminished, it is nevertheless conceivable that biological factors could also have contributed to the variable outcome among the Genains. New measures for assessing cerebral integrity, as well as a host of other biochemical measures of putative importance for normal and disordered behavior, had been developed since the late 1950's. Consequently, in the spring of 1981, the Genains were invited to return to NIMH for additional study. Rosenthal and Quinn had maintained close contact with the quadruplets over the years and had urged that the Genains return for further studies employing newly developed techniques. They returned, accompanied by their 82-year-old mother (since deceased) and, for part of the stay, by Myra's husband and two sons. Three independent diagnoses were made on each patient, two using Research Diagnostic Criteria (RDC) (Spitzer et al. 1977) ; and, in the medication-free period, the psychiatrist responsible for the care of each patient made a DSM-III diagnosis (American Psychiatric Association 1980). These diagnoses, together with the discharge diagnoses, appear in table 6. With respect to neuroleptic clinical response, Nora, whose subtype diagnoses were consistently "chronic undifferentiated," showed the greatest response. Iris, too, was consistently given the subtype diagnosis "chronic undifferentiated subtype," but with the addition of "paranoid features" in one of the RDC diagnoses; her neuroleptic clinical response showed "minimal change in thought disturbance and withdrawal." Myra was diagnosed once as having a "schizoaffective disorder" (RDC), and was diagnosed "schizophrenia, residual type" on the other two independent diagnoses (RDC and DSM-III); her neuroleptic clinical response was "worse on medication." Hester's two RDC subtype diagnoses were "chronic undifferentiated" and "residual," the latter designation being supported by the DSM-III diagnosis of "residual type"; her neuroleptic clinical response showed a favorable "change in depression and thought disturbance" (DeLisi et al. 1984, table 4) .
While inpatients, the quadruplets were ranked on selected variables from a Community Care Schedule which took into account reactions to social and community environmental factors. Responses were scaled 1 = adequate, 2 = fair, 3 = poor, and 4 = grossly inadequate. Resultant ranks showed Nora's response to be the most nearly adequate and Hester's response to be second in rank. Iris and Myra shared third place. None had a global rank indicating a grossly inadequate response (DeLisi et al. 1984, table 2) .
The neurobiological procedures included biochemical determinations from blood, urine, and cerebrospinal fluid of various catecholamine compounds with particular emphasis on dopamine and norepinephrine; procedures related to the identification of possible preexisting viral infection of the central nervous system (these were negative); neuroradiological and neurophysiological tests (computed tomography, positron emission tomography, event-related potential and electroencephalographic brain maps, brainstem auditory evoked responses (a measure of the integrity of the brainstem auditory relay nuclei); and an exhaustive battery of psychological and psychometric tests, with a special focus on the measurement of attention, arousal, and memory. Two of the tests were essentially identical to measures employed in the late 1950's-the Continuous Performance Test of sustained visual attention (Rosvold et al. 1956 ) and the reaction time paradigm (Zahn and Rosenthal 1965) . Further, for most of the behavioral tasks, the Genains were examined both on and off medication-the latter test occurring after a period of at least 2 weeks free from the phenothiazine drugs they were taking on admission to NIMH. The full report of those tests appears in a series of detailed articles Mirsky et al. 1984) . What follows is a synopsis of the most pertinent and salient of the followup data.
The 1981 Followup Study
Arrangements were made for other members of the Genain family as well as Myra's husband to be evaluated as NIMH outpatients. The sisters were then hospitalized on a research ward of the Adult Psychiatry Branch, NIMH, at Saint Elizabeths Hospital, Washington, DC, for a medication-free evaluation. They were maintained free of neuroleptic medication for a period of 6 weeks. Reaction tune (RT) set index The subject had warning or preparatory intervals (Pis) of 2, 4, and 8 seconds before the imperative or "respond now" stimulus was presented. The RT data were combined into a single weighted average or "set index" (Zahn and Rosenthal 1965) to consolidate the information. This testing procedure was virtually the same as that used by Rosenthal (1963) during the first NIMH admission of the Genains.
RT crossoivr. In this method, a series of four trials, all isotemporal (with the same PI), was presented in the context of a larger random series of tnals in which Pis varied from 0.5 to 11 seconds The extent to which the subject can benefit from the regularity in this small regular series and begin to respond more rapidly is the operational measure of set (Steffy and Galbraith 1974) . Three Mirsky (1960) , and Mirsky and Orzack (1980) . On the first examination (1958), only Myra was capable of performing the CPT (and within the "poor CPT" range), a finding similar to those in previous reports of schizophrenic patients by Orzack and Kornetsky (1966) . Nora seemed barely able to grasp the concept; Iris could scarcely respond quickly enough to make a few correct responses, whereas Hester was unwilling even to attempt to perform. By contrast, in 1981, when tested on medication, all the women performed reasonably well on the X task. Nora and Iris performed, in fact, within normal limits on both the X and AX tasks. Hester performed at an impaired level, but well enough to indicate that both the concept and psychophysical coordination were within her gTasp. Myra's 1958 and 1981 X task scores were almost identical; her AX performance was markedly lower in 1981. She rarely performed within the normal range but was l i tisotemporal series with Pis of 3, 7, and 11 seconds were used. All stimuli were auditory. A so-called crossover measure was calculated, defined as the difference between the first trial RT and those at the three succeeding regular trials of the same PI within the isotemporal four-trial series.
Continuous performance test (CPT).
The X and AX tasks of the CPT were administered to all subjects. The X task requires the subject to press a response key whenever the letter X appears on a video display but to withhold pressing for other letters. In the AX task, the critical stimulus is the letter X immediately preceded by the letter A The parameters of the standard X and AX tasks i are: stimulus duration = 0.2 seconds, interstimulus interval (1SI) = 1.0 seconds, allowable response time = 0.7 seconds, total stimuli = approximately 600, total critical stimuli = 150 (X task) and 120 (AX task). (Stroop 1935; Jensen 1965 ). This procedure involves the presentation of three stimulus displays via a slide projector. In the first slide, color patches are the stimulus material, and the subject is required to name the colors. The second slide presents color names printed in inks that match the lexical content, whereas in the third slide, the color names and the inks do not match. The difference in time required to read the color names on slides 2 and 3 is thought to reflect susceptibility to interference and distraction.
The Stroop test
tie affected by withdrawal of medication. When tested off medication, Nora and Hester showed very large decrements in performance on the CPT. Iris showed a more modest deficit.
Much the same effects were seen in the RT task. In the global assessment of the Genains' RT performance, their ranking was identical to that which they achieved on the CPT in 1958: normal performance only in Myra; attempted performance, albeit impaired, in Nora; and essentially no scorable effort in Iris and Hester. As with the CPT, the RT in 1981 (on medication) was substantially improved. RT was essentially normal by the set index metric in Myra, Nora, and Iris. Although Hester's performance was slow, it was nevertheless a reasonable effort. When the quadruplets were tested off medications, major deterioration in RT occurred in all four women. Neither Nora nor Hester could sustain RT values below or even close to 2,000 milliseconds.
The results on the attentional tests suggest strongly that the psychological impairments in memory and learning (e.g., figure 1 ) that followed the withdrawal of medication from the Genains could be attributable to the secondary effects of impaired information processing. This result is consistent with the view that impaired attention is a core symptom in the syndrome of schizophrenia. This theme has been developed by one of us in another context (i.e., Mirsky and Duncan 1986) . It was suggested there that poor attention could be at the basis of poor coping skills, intrafamilial conflicts and communication deviance (Singer and Wynne 1966) , difficulties in communicating with those outside the family, and increased isolation.
The question arises as to whether the suggestion concerning the pathogenic effects of poor attention could be applied to the discordant life outcomes of the Genains. If we had used the 1958 CPT scores (table 4) as a measure of basic attentive capacity, we would have predicted that only Myra would have had a chance to develop a normal life. Although Iris and Hester were not in the running at all, the borderline CPT scores of Nora could have suggested the possibility of a life outcome other than intermittent institutionalization. In general, the life histories of the Genains support this simplistic formulation, since only Myra has had a near-normal existence; and Nora has had periods of modest occupational and interpersonal success. However, the data of figure 1 weaken somewhat the case about the central role of attention. Considering both on-drug and off-drug scores, one would be hard put to predict a better outcome for Myra than for Iris. Possibly, the pronounced improvement in Iris' attention produced by medication (even in the off-drug state) came too late in her life to be by guest on November 8, 2016
http://schizophreniabulletin.oxfordjournals.org/ Downloaded from useful; she could not escape the crushing effect of the diathesis and of the negative familial expectations. We are making the inference, based on the improved level of performance Iris showed in the unmedicated state in 1981; that 25 years of phenothiazine treatment has produced a relatively permanent enhancement in her functioning, an enhancement that is evident even after she is withdrawn from medication. It is not possible, however, to exclude the effects of time itself on the disorder.
The complexity of the previous Rorschach information is difficult to summarize here (Rosenthal 1963) . What Rosenthal pointed out in 1963 is still true: the Rorschach Test is a controversial diagnostic instrument that nevertheless can provide tantalizing views into the perceptual world of persons with psychiatric disorders. Although the validity of the Rorschach as a diagnostic device is still questioned by many, it was remarkably accurate in the hands of a clinician like Margaret Thaler Singer, whose descriptions of the Genain family members (Singer 1963) were startlingly accurate. The test was included in the 1981 battery for the sake of completeness and was used in the present instance primarily to compare rankings of the quadruplets between 1958 and 1981. None of the records of the quadruplets obtained in 1950 and 1960 were seen as normal; all had varying degrees of what was referred to as psychotic or organic psychopathology. The same is true of the present Rorschachs, obtained during the medication period. In 1981, they appeared to be more cautious, constricted, and withdrawn than in their earlier testing. Based on the standard Rorschach determinants, the global impression created by the 1958 examination was that the healthiest sister was Myra, followed by Hester and Nora, with Iris appearing the least intact. The 1981 examination yields a somewhat different global ranking: Myra is still seen as the most intact, followed now by Iris and Nora. Hester now appears as the least intact sister. These global evaluations are supported by rankings based on means obtained by summing and averaging the ranks from individual determinants (e.g., number of responses, percent of responses with good form [F+%] , and number of human or movement responses). Perhaps the most striking changes are that Iris has moved from lowest average rank in 1958 to second highest in 1981, and that Hester's rank (which fell to lowest in 1981) mirrors her overall clinical state. Nora still stands third among the quadruplets.
Behavioral Tests, Medication, and the Passage of Time. On all tests of attention (CPT, RT, RT crossover, Stroop), the quadruplets functioned better on medication. When taken off medication, Nora and Hester showed greatly impaired performance; for Myra and Iris, decrements in performance were considerably less pronounced. Figure 1 shows the dramatic differences in response to medication between Nora and Hester, on the one hand, and Myra and Iris, on the other. It is important to note that even without medication, the quadruplets as a group performed better in 1981 than in 1958.
Other Tests. The Luria-Nebraska provides a basis for comparison of intellectual functioning in the two periods. This test, administered in 1981, yields an estimate of full-scale (Wechsler Adult Intelligence ScaleRevised) IQ. The estimates are presented in table 5, where they are compared with scores on the Henmon-Nelson administered in 1947, when the quadruplets were 16 years old, years before any of them had received a psychiatric diagnosis. It will be observed that the 1981 estimates were markedly similar to those obtained 35 years earlier. Only Iris' score differed by more than 3 points from the 1947 values.
Brainstem Auditory Evoked Responses (BAERs).
As a group, the Genains showed significant slowing of conduction time, compared with age-matched controls . This finding of abnormality is further evidence for brainstem dysfunction in schizophrenia, although as in the case of the computed tomography (below), this measure does not distinguish among the quadruplets. Computed Tomography (CT). All CT scans were normal; there was no evidence of ventricular enlargement and little atrophy .
Smooth Pursuit Eye Movements.
Subsequent to their discharge from NIMH in 1981, measurements of smooth pursuit eye movements were made at their home in Envira by Dr. Deborah L. Levy. Samples of the tracings, presented in figure 2., support the interpretation that there is more organic "disturbance" in Nora (top tracing) and Hester (bottom tracing) than in Iris and Myra.
Since it has been established by Holzman, Levy, and colleagues (Holzman 1987 ) that neuroleptic medications do not alter this function in schizophrenic patients, we are justified in ignoring medication effects.
Biochemical Measures.
What follows is a summary of the salient findings of the extensive biochemical measures reported by . In general, the biochemical results did not appear to be related to diagnosis or severity of illness in the Genains. Direct tests of the "dopamine hypothesis" (i.e., that excess amounts of this transmitter characterize patients with schizophrenia) were negative. None of the dopamine metabolites examined were found to be significantly different from normal in any of the quadruplets. The same was true for tests of the level of the enzyme monoamine oxidase. Levels of this compound, which is important for the metabolism of dopamine and norepinephrine, did not differentiate the Genains from age-matched controls. On the other hand, consistently lower levels of dopamine-p-hydroxylase (DBH), the enzyme that converts dopamine to norepinephrine, as well as phenylethylamine (PEA) to phenylethanolamine, were found in the quadruplets. Not surprisingly, perhaps, significantly higher titers of PEA were found in all the Genains, as well as in their mother. While norepinephrine concentrations did not distinguish the Genains from controls, there were alterations in two related functional measureshigher numbers of platelet a-adrenergic receptors than in controls, and reductions in a measure of cyclic adenosine monophosphate (cAMP) production, as compared with normative values. According to , these changes could all be linked to a related, but poorly defined, defect in aspects of the metabolism of dopamine in the Genains.
Effects of Medication. Effects of medication, both positive and negative, have been shown to differ within the group: Myra and Ins showed less deterioration when removed from medication than did Nora and Hester. Moreover, they recovered more quickly than Nora and Hester when the medication was changed. Nora and Hester, on the other hand, show dramatic improvement in functioning when on neuroleptics, and the effects of deprivation of such help are not only devastating but long-lasting. So it was that Myra and Iris were the first to be able to return to their home town, with Nora and Hester being retained several weeks longer. Thus, a new kind of pairing emerged: one determined by on/offmedication performance, which has not completely supplanted the earlier designated twinships and does not carry the same superior/ inferior attached evaluations. For Myra, clearly the most nearly able to function "on her own," still thinks of herself as more like Nora, the "twin" she nudged from leadership, while Iris and Hester remain linked in their minds. It was not until the quadruplets returned to Envira that the new pairing (i.e., of Nora and Hester) began to exert an influence on practical living arrangements which were solidified after the death of Mrs. Genain.
The Genains Since 1981
At the end of the summer of 1981, Myra was happy and animated. She now had a new area of superiority: she did not need medication. She hoped that with family therapy, she and John would be able to provide a home for their boys. 7 John was not at all keen on participating in therapy, and that plan was abandoned. Nora and Iris were planning to return to day care at a State-run facility while living at home, and Hester, though having some difficulty with stomach problems (thought to be related to medication), was happy to be "helping Mama," whose health was steadily deteriorating.
As long as she was physically able, Mrs. Genain maintained her home for her girls. The story of the household was one of continual troubles: problems with the aging house; two burglaries; Iris's "complexes," which returned and worsened when she forgot to take her medicine; Hester's recurring physical problems; Myra's broken leg; and Mrs. Genain's increasing illness (three hospitalizations in 1 year).
Hn 1979 a series of difficulties disrupted Myra and John's already precarious marriage and family, and their boys were taken from them by the courts. The younger boy is still in a foster home and seems to be thriving; in 1987 he graduated from high school. The older boy has finished a course in diesel truck maintenance and is seeking a job.
In March of 1983, Mrs. Genain was hospitalized for the last time and died of cancer a few weeks later. She was 84; her daughters, not quite 53. Myra, who spent most of her life trying to escape being one of the Genain quadruplets, now sought to be the head of the family-the boss-but Nora, Iris, and Hester all asserted that it was Nora who "kept things going." Nora, however, said that she was not equal to the task: "I'm checking out apartments 'cause I can't take care of this whole house by myself."
Eventually Iris returned to a halfway house; Myra moved to her mother's house with her elder son (she and her husband separated and each sued the other for divorce, but their marriage remains legally intact). Nora and Hester now share an apartment under the auspices and supervision of State mental health social services.
Summary and Discussion
The Genain quadruplets at age 57 are functioning about as well as they ever have in their adult lives. Their identical genetic endowment is reflected in identical CT scans and similar biological and biochemical abnormalities: delayed components in the BAER, low DBH, and high PEA .
For most of their lives they have been viewed as two pairs: Nora and Myra, and Iris and Hester. The data obtained in their maturity and the marked effects seen when they were taken off medication suggest that there may be more similarity between Myra and Iris, on the one hand, and between Nora and Hester on the other; the latter pair appear to show greater evidence of functional brain disturbance. In this connection, it may be significant that Nora was the first born and Hester the last. From an obstetrical point of view, a case could be made for the first and last born to have sustained more brain injury than the other two. 8 These observations, however, did not become salient until the Genains were studied at maturity. In the neurological examination, Nora and Hester had more soft neurological signs (6 and 5.5, respectively) than Iris and Myra (2.5 and 2.0, respectively).
For heuristic purposes, we can attempt to conceptualize the interactive role of neurobiological and environmental factors in the outcome of the Genains. Figure 3 , which is adapted from a recent review of schizophrenia by Mirsky and Duncan (1986) , shows the theoretical relation between environmental stress and schizophrenogenic brain abnormality in the development of schizophrenia. The quadruplets with putatively greater brain abnormalities (presumably aggravated during birth) are Hester and Nora; they appear to the right of the figure. The women with less brain abnormality, Iris and Myra, are shown to the left. The vertical position of the quadruplets within the diagram reflects the differences in life stress they have experienced. This impressionistic view of where the Genains would be placed on a nature-nurture con-"The facts pertaining to Hester's birth are in dispute (Rosenthal 1963, pp. 39-40) , but her birth weight (1,361 g) is clearly indicative of greater prematurity than her sisters' (Nora, 2,041 g, Myra, 1,928 g, Ins, 1,503 g) Rosenthal speculated that "Hester may have suffered handicaps from which she was never to recover" (Rosenthal 1963, p. 544) . In assessing the possible effects of aging upon the expression of schizophrenic illness in these women, a number of other factors must be considered Medication has reduced the severity of symptoms in Nora, Hester, and, to a lesser degree, Iris. Myra's marriage has taken her out of the Genain home for varying periods of time, and at those times there has been less turmoil in interquadruplet interactions. Nora has finally abandoned all thought of becoming fully employed and self-sustaining, and while she may feel a sense of failure in this respect, the concomitant reduction in pressure probably relieves some stress. Hester, though still at the bottom in status within the group, has gained some importance from a recent serious physical illness and faces fewer demands for service to other family members.
In her later years, Mrs. Genain appeared to grow more tolerant of her daughters' disabilities. Whether through a diminution of energy, sheer discouragement, or an increase in wisdom, she no longer believed she could change her daughters or make things right for them. (In a poignant reminiscence, she recalled that she had refused to discuss a motion picture contract for her girls-who were quite celebrated in their childhood-because she wanted them to have a normal life.) These are but a few examples of the kinds of changes which have occurred with the passage of time, but not necessarily as a result of the aging process.
It is by no means clear in the case of the quadruplets that their schizophrenic illness has "burned out" with age. Without doubt, they have improved greatly since they were first admitted to NIMH in 1955, and at age 57, there is still time for further improvement.
A group of only four cases will not allow us to confirm or contradict any hypothesis; however, the special nature of these four women (odds of occurrence of about one in a billion) gives us the right to speculate that the schizophrenic phenotype and the course of its expression will ultimately be understood as a combination of biochemical abnormality, brain damage (both of which may be genetically determined), and life stress (figure 3). The specific combinations of factors leading to the varied expressions of the illness is unknown, but may be revealed with further study.
Postscript
As we look back over 33 years of an unusually intimate professional association with a family dominated by schizophrenia, there are questions and speculations that haunt our thinking, but for which our voluminous data provide no definitive answers.
1. Why, for example, was Myra first admitted to NIMH with a diagnosis of schizophrenia (catatonic type)? Diagnosis of schizophrenia is difficult, and specification of subtype is slippery: behavioral symptoms lose clarity as they change with clinical state. Rosenthal noted (1963, p. 518) , that "the pattern of [subtype] diagnoses over time with respect to each Quad is remarkably consistent," and his discussion of schizophrenia and its subtypes is sharply focused on implications for heredity of schizophrenia. But it is also interesting to ponder interquad similarities and differences in initial diagnoses.
2. The earliest diagnosis of schizophrenia in the quadruplets was that of Nora, then 22 years old: "acute schizophrenia." Iris' first diagnosis, nearly 7 months later, was "schizophrenia, acute undifferentiated type." Nora's fourth diagnosis, at 24 years of age, was "schizophrenic reaction, chronic undifferentiated"; Iris, at that same time, was diagnosed "schizophrenic reaction, acute undifferentiated." About 3'm onths later, Iris had a fifth admission to Alta Vista Hospital with a diagnosis of "catatonic schizophrenia." 3. Four months later, all four sisters, now only a few months away from their 25th birthday, entered NIMH Clinical Center with identical admitting diagnoses: "schizophrenic reaction, catatonic subtype." Neither Hester nor Myra had had previous hospitalizations, and while both were clearly disturbed, and Hester was by all accounts psychotic, Myra had been seen by the same psychiatrist who had hospitalized Nora and Iris and had been assessed by him as having had an "acute period of depersonalization," but as not being psychotic. In Rosenthal's judgment, Myra "may well have successfully maintained herself outside the hospital." Many of the scientists associated with the NIMH study were puzzled by the diagnosis and felt, instead, that she was experiencing a hysterical reaction to the illness of her sisters. Was this but another example of the compulsion to perceive the quadruplets as identical in all respects? In any event, this adds emphasis to the discordant severity of the illness in these women of identical genetic endowment.
4. Is schizophrenia a single disease entity with different subtypes representing different clinically discernible manifestations which are stages in the development of the disease: catatonic-undifferentiated hebephrenic?
g Table 6 lends general support to this formulation, despite some minor departures from it.
5. Is the illness course pattern heritable? If we look only at manifest content of behavior of each of the quadruplets when diagnosed catatonic, hebephrenic, etc., heritability, not only of course pattern but also of manifestation of subtype, is strongly suggested. If, however, we take into account a lifelong pattern of imitation among these women, together with a compulsion (at first imposed and later internalized) toward unity and uniformity, to be alike, the evidence is clouded. Psychopathological characteristics were present in all: extremes of |ealousy and envy, ideas of reference bordering on paranoia, social ineptness, immaturity not far from infantilism, and more. But how are we to separate heritability from social learning in a group of patients who were socially isolated, forced to depend upon v For a discussion of schizophrenia and its subtypes with reference to implications for heredity, see Rosenthal (1963, pp 517-529 parents and one another for all aspects of social behavior? An old family friend who visited the Genains just before their first admission to NIMH felt that the quadruplets had no experience in differentiating the real from the unreal: "They were not brought up on reality-all pretense-Pretend they are rich, pretend they are invited to high-class parties, and so on and so forth, and [the parents] got the girls pretending." 6. How reliable are the data from our primary source, Mrs. Genain? We sometimes learned at a later date that her earlier reporting of an event had been incomplete. When there were occasional discrepancies, had she sought to deceive, or was her memory of events colored by the context in which she related them? We know that her assessments of the relative mental health of her daughters were influenced by her attitude toward each at the time she made her judgment. She was sometimes stung by what she perceived to be ingratitude, defiance-even hatred; but we felt that it was clear when such interpersonal difficulties or animosities colored her judgments. • What if Mrs. Genain had had a different physician during her pregnancy and delivery ... one who was both more compassionate and professional in his behavior toward his patients. Rosenthal (1963, p. 557) reports that "Dr. Booth was a medical maverick who was forced out of town by his own colleagues." Mrs. Genain felt that she was neglected during her pregnancy, an opinion shared by Dr. Booth's colleague and assistant, as well as by Mr. Genain. When she was in labor and in great pain, he told her she was "too sympathetic with herself" and that she should "keep her thoughts to herself." He was clearly antagonistic toward Hester, and when she and Iris were brought to him because the parents worried about their masturbation, Dr. Booth advised and performed circumcision as a cure. A colleague described Dr. Booth as "quite a guy, but a ruthless surgeon" and "a most unstable individual." For more on Dr. Booth, see Rosenthal 1963.) • What if the little girls had had other playmates and a normal school experience?
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• What if they had been allowed to have dates?
• What if Hester had been seen by the parents as troubled rather than as "bad," "the moron type," "a sex maniac"?
• What if Myra had managed (as she wanted to) to move to the YWCA when her seriously ill sisters were at home?
These are but a few of the unanswerable questions that arise in contemplating the life circumstances of the Genain quadruplets. Perhaps none of these things made any difference, but if the diathesisstress model has any validity, these questions and others like them must, as far as is possible, be taken into account-for example, what stressors, and in what degree, did each of the sisters experience simply as a result of having been a member of a set of identical quadruplets?
One important "what if" remains: what if we had not maintained fre-
When Iris was held back as a result of having rheumatic fever, all were required to repeat the grade. quent close contact with this family? We think we know the answer to this one: there would have been no followup study in 1981.
